Objective: To investigate the dynamics of speech shunt muscle in patients with Pearson near-total laryngectomy by needle electromyography and correlation of ability to activate shunt muscle with speech production.
Results: Twelve of 14 patients had good speech; 11 had evidence of viable shunt muscle; and 9 were able to activate muscle by phonation, swallowing, or deep breathing, indicating preserved innervation. Six of the 12 patients with speech ability and 1 of the 2 patients without speech ability were able to recruit motor units during attempted phonation.
Conclusions: Electromyography demonstrated viable muscle with retained innervation in 64% of the patients with near-total laryngectomy, proving its "dynamic" nature. However, the usefulness of shunt muscle activation in speech and prevention of aspiration needs further confirmation. Surg. 1998; 124:857-860 N EAR-TOTAL laryngectomy (NTL), wherein a myomucosal shunt connecting the trachea to the pharynx replaces the larynx, has been proposed to be a good alternative to total laryngectomy in patients with carcinoma of larynx because it enables better speech. [1] [2] [3] This procedure involves shaping a shunt between the upper end of the trachea and the hypopharynx using muscle and mucous membrane preserved from unaffected parts of the larynx. The subject occludes the tracheal stoma with a thumb, thus forcing air through the normal passages for speech. This lung-powered speech is qualitatively far superior to "esophageal speech." The "dynamic" nature of the shunt has been thought to facilitate speech as well as prevent aspiration into air passage during swallowing. 2, 4 However, how dynamic is such a shunt? The surgical trauma to laryngeal muscles and their nerves and the displacement of muscles from their attachments to the laryngeal wall may cause inefficient contraction. Such muscles appear to be ill equipped to be able to replace the functions of an intact larynx. Prevention of aspiration in such cases may be a purely mechanical phenomenon, owing to the position of the inner stoma beneath the base of the tongue and/or a mucosal hood that forms above it 2 ; the superiority of the voice may be ascribed to uninterrupted air stream passing through the shunt depending on available lung power and shunt characteristics such as caliber and muscle contractility. Although the shunt has been in use for more than a decade, we are not aware of any physiologic study addressing its dynamic naure.
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We performed an electromyographic (EMG) study of the residual muscles in the myomucosal shunt wall to test the proposed dynamic nature of the shunt. The purposes of this study were (1) to establish the presence or absence of viable muscle in the shunt wall; (2) to evaluate the activation of residual muscles during phonation, swallowing, and deep breathing; and (3) to correlate the findings of the evaluation with speech ability. 
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RESULTS
Of the 14 patients studied, 12 had good shunt speech and 2 had no speech ability. None had aspiration significant enough to produce symptoms. The EMG findings are summarized in the Table. Three subjects (2 speakers [patients 2 and 6] and 1 nonspeaker [patient 5]) had no EMG activity at rest or with any form of effort, suggesting either absence of any viable muscle in the shunt wall or its inaccessibility to the needle. All the remaining 11 subjects (10 speakers and 1 nonspeaker) had increased insertional activity or spontaneous activity in the form of fibrillations or positive sharp waves, indicating denervation. Half the subjects (6/12) with good speech did not show MUPs on attempted phonation. Four of them (Nos. 2, 6, 8, and 14) did not show MUPs at rest, on deglutition, or on deep breathing either. A "geographic miss" probably accounts for this finding. In patients 11 and 13, there were recordable MUPs on deglutition, on deep breathing, or at rest; this indicates that significant coordinated muscle activity probably does not occur during phonation. Phonation and swallowing elicited MUPs in 7 subjects, while deep breathing elicited MUPs in 6 subjects ( Figure 1 and Figure 2) . None of these procedures elicited a complete recruitment pattern with MUPs abundant enough to obliterate the baseline; all had few or sometimes only 1 MUP firing at rapid rates of more than 15 Hz, suggesting incomplete recruitment and motor unit dropout. At least 1 of the 3 acts was able to elicit MUPs in 9 of the 14 subjects, indicating the presence of intact innervation of some muscle fibers.
No statistical correlation was observed between the ability to speak and the ability to activate MUPs specifically by phonation or by any of the 3 modes of activation (PϾ.05). Of the 12 patients who could speak, only 
PATIENTS AND METHODS
Fourteen subjects (mean age, 55.8 years; malefemale ratio, 13:1) who had undergone NTL 2 months to 4 years earlier for carcinoma of the larynx and piriform sinus were included in the study after informed consent was obtained. Near-total laryngectomy was performed by the method described by Pearson et al. 1 All subjects received training by a speech pathologist to develop "shunt speech." Ten of these subjects were described in an earlier NTL study. 3 Electromyography of the shunt muscle was performed using a conventional concentric needle on a 4-channel EMG system (Dantec Counterpoint MK2, Dantec Electronik, Skovland, Denmark) with a band width of 2 Hz to 10 kHz. Electromyography is a simple method of studying potential changes in muscle at rest and during contraction using a concentric needle electrode. 5, 6 The potentials recorded from a few muscle fibers at the needle tip are displayed on an oscilloscope screen. A healthy muscle is silent at rest. On contracting, groups of muscle fibers innervated by individual nerve fibers are activated, the action potentials of which-called motor unit potentials (MUPs)-are seen as triphasic waves. The MUPs from healthy laryngeal muscles are 0.1 to 0.4 mV in amplitude and 3 to 6 milliseconds in duration. 5 Injury to, or denervation of, muscle results in spontaneous muscle activity at rest seen on the screen as small potentials called fibrillation and positive sharp waves ( Figure 1) ; activity elicited by needle insertion or movement, called insertional activity, is also increased. Loss of innervation also results in a decrease in the number of MUPs recruited and an appearance of polyphasic MUPs (with more than 4 phases) owing to reinnervation by intact nerve fibers.
The needle was inserted percutaneously above the tracheostomy stoma in the midline of neck to a depth of 1.0 to 2.5 cm under EMG guidance, targeting the tracheopharyngeal shunt muscle. Positioning of the needle tip in the muscle was recognized by a burst of insertional activity or appearance of other muscle electrical activity. Care was taken not to insert the needle so deeply that the shunt lumen was reached. Duration of the insertional activity and spontaneous activity were first studied. The patient was then asked to breathe deeply, to phonate (attempt to make a high-pitched sound, such as eee) with the stoma occluded with a thumb, and to swallow in sequence. Any recruitable MUPs during these procedures were studied. An attempt was made to correlate the ability of shunt speech with EMG findings. Fisher exact probability test was used for statistical correlation.
half could activate MUPs during speech; the rest had no MUPs activated by phonation despite preserved speech. One of the 2 patients who had no speech ability was able to activate MUPs by attempted phonation.
COMMENT
To the best of our knowledge, this is the first attempt at an EMG study of the dynamics of the tracheopharyngeal shunt. We observed evidence of viable muscle with intact innervation in the shunt wall in 9 (64.3%) of 14 subjects, thus proving the dynamic nature of the shunt. However, all these muscles also showed evidence of denervation and the presence of only a few recruitable MUPs. These findings suggest a significant loss of, or injury to, axons and/or muscle, possibly during surgery. The remaining 5 subjects probably had muscle that was completely denervated or atrophied and fibrosed. More importantly, almost all the subjects (other than patients 2, 5, and 6, who did not show any recordable MUPs, probably because of an electrode implantation into a nonrepresentative area) showed recordable MUPs at rest. This would seem to imply that the tonicity imparted by residual viable muscles keeps the "mouth" of the tracheopharyngeal shunt closed at all times unless it is forced apart by an upward blast of expired air from the lungs, which leads to speech production. Protection of the tracheobronchial complex is a function that is older than speech in the evolutionary scale, and the tracheopharyngeal speech shunt probably resembles one of the primitive sphincters recreated by the the surgeon to avert troublesome aspiration.Our findings seem to suggest that if any function is deemed to be dynamic it is probably this sphincteral mechanism.
Our observations suggest that muscle with intact innervation in the shunt is probably not essential for good shunt speech: 6 of the 12 subjects with good speech ability had no activable MUPs by phonation. Furthermore, 1 of the 2 subjects who could not speak was able to activate MUPs during attempted phonation. Although the number of patients we studied is small, there was no correlation between ability of shunt speech and the ability to recruit motor units in the shunt muscle by phonation, swallowing, or deep breathing. The availability of tracheopharyngeal air conduit for the normal articulation, together with the bellows function of the respiratory muscles, possibly accounts for the better quality of speech in these patients. Similarly, activation of the shunt muscles during deglutition may not be adequate evidence of their efficacy in preventing aspiration. However, the tone imparted by the residual muscle keeps the mouth of the shunt closed at all times except during pho- 
